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INTRODUCTION 
The bovine filariid Setaria cervi inhabiting the 
peritoneal cavity of the buffalo , is a cosmopolitan parasite. 
Its incidence of infection is estimated to be over 70-/ in our 
country. The parasite is known to produce tissue fibrosis, 
peritonitis, penetration and intestinal obstruction in the 
natural host. The animal develops circling movement, reduced 
milk yield :, swelling of legs and high body temperature. 
Evidences are available that infective stages in strange 
circumstances may enter the central nervous system of the 
natural host and develop to partial maturity, causing severe 
pathological condition, known as 'Lumbar paralysis'. Acci-
dental infection of this worm has also been reported from 
sheep and goats where the developing stages were found to 
enter the central nervous system and result in a more severe 
pathological condition, known as 'Cerebro-spinal nematodiasis'. 
The larvae wander through the nervous tissues causing the 
area of malacia and inflammation, sometimes producing irre-
versible transverse myelitis with paralysis of hind limbs. 
It is presumed that many of the unexplained neurological 
syndromes reported amoqg human cases may be attributed to 
cross infection against this parasite. 
The parasite requires blood sucking arthropod as vector 
to complete its life cycle. Not much information is available 
on the biology of this parasite as the natural vector is not 
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known. Lack of information on the biology furnishes further, 
a great problem to study various aspects of host-parasite 
relationship. 
In the present study various arthropod hosts including 
mosquitoes, flies, ticks and lice were screened for possible 
development of Setaria cervi microfilariae. Mosquito, Aedes 
albopictus, hitherto unrecognized as a vector, was found to 
take up the infection and showed normal development. 
The mode of development and pathological alteration in 
filariasis are not very much dissimilar in humans and animals. 
Developmental cycle of human filarial worm in definitive host 
is also unknown and study of this aspect in case of bovine 
filariid may provide some clue for human filarial worm. 
The piece of work provides a better understanding of 
possible intermediate host of Setaria cervi and at the same 
time rules out the possibility of many arthropods earlier 
presumed to be vector of this parasite. The study may be of 
immen e importance for further investigations, particularly 
immunological studies which may contribute a lot towards 
successful eradication programmes. 
LITERATURE REVIEWED 
Not much work has been carried out on the development 
of microfilaria of Setaria cervi in the arthropod host. 
However, literature on the development of other filarial 
worms is quite exhaustive and helpful in studying the develop-
ment of Setaria cervi. Many workers have given considerable 
importance to trace the developmental stages of various 
filarial worms in the arthropod host. Connal et al.(1922) 
made an observation on the development of Loa loa in Chrysops 
silacea and Chrysops dimidiata. Feng (1936) studied the 
development of microfilaria malayi in Anopheles hyrcanus var, 
sinensis. Yen (1938) made experimental studies to determine 
the susceptibility of local species of mosquitoes in 
Minnesota, USA, to infection by Dirofilaria immitis. A high 
intensity of infection occurred in Anopheles maculipennis 
and A. punctipennis. Filarial development was normally 
completed in Culex territans, Culex tarsalis and Culex pipiens, 
but the intensity of infection was low. In Aedes vexans 
there was an infection rate of 100^ and an intensity of about 
40 larvae per mosquito but some of the larvae died from en-
capsulation in the sausage stage or infective stage. Aedes 
stimulans, Aedes cinereus and Aedes canadensis were somewhat 
less susceptible. A study of the development of microfilaria 
of Wuchereria bancrofti was made by Kobayashi (1940). 
Pratt and Newton (1946) studied the migration of infec-
tive larvae of Wuchereria bancrofti within the mosquito host. 
Bertram (1947) evaluated the period required by Litomosoides 
carinAi larvae to reach the infective stage in Liponyssus 
bacoti and also assessed the duration for which the mite 
retains its infectivity. Travis (1947) studied the relative 
efficiency of six species of mosquitoes as developmental host 
for Dirofilaria immitis. They were as follows: Aedes quamen-
sis, Aedes pandani, Culex annulirostris, C. quinguefasciatus, 
Aedes aegypti and Culex sitiens. The number of infective 
stage larvae developing in from 25 to 120 specimens of these 
species of mosquitoes averaged 5.5, 2.3, 0.6, 0.4, 0.2 and 
0.2 respectively. The respective percentages of mosquitoes 
infected with 3rd stage larvae were: 68, 57, 27, 23, 2 and 
15. Kartman (1953) made an observation on the ingestion of 
Dirofilaria immitis microfilariae with sugar suspension and 
loss of the microfilariae from the mosquito host during its 
infective meal. Steuben (1954) reported for the first time 
fleas as vector of Dirofilaria immitis. Webber (1955) studied 
the larval development of Dirofilaria aethiops in mosquitoes 
and also the morphology of adult worms as well as microfilariae, 
Williams (1955) dissected thorax and abdomen of over 342 
wild Stomoxys calcitrans and heads of another 54 specimens 
caught in vi cinity of 3 Wisconsin cattle herds and all 
failed to reveal any developing larvae of Setaria cervi. 
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Gunewardene (1956) described the development of Dirofilaria 
repens, a common parasite of dog in Ceylon, in Aedes 
(Stegomyia) albopictus. Within half an hour of infection 
the larvae migrated to the malpighian tubules, where they 
undergo development to infective stage. Rapid migration to 
the head and proboscis followed from 8th to 10th day. 
Successful development to the infective stage occurred in 
Mansonia uniformis, M. annulifera, Armiqeres obturbans, Aedes 
aeqypti, Anopheles hyrcanus and Anopheles barbirostris. Aedes 
albopictus was the most suitable vector in the laboratory. 
Culex fatiqans, Culex tritaeniorhynchus, C. qelidus, Anopheles 
vagus, A. subpictus and A. .garner i proved refractory to infec-
tion. Wharton (1957) observed the development of Wuchereria 
malayi in Mansonia (Mansonioides) lonqipalpis. Omori (1957) 
studied that complete development of Wuchereria bancrofti in 
Culex pipiens pallens required 12 and 14 days at 27°C and 
25 C respectively. First and second stages developed in the 
thoracic muscles and the third stage moved into the body 
cavity. Infective larvae were found to invade the tissues, 
organs and appendages. Toyaraa (1957) demonstrated that the 
development of Wuchereria bancrofti in Culex pipiens was 
completed within 10 days at an optimum temperature of 30°C. 
The development took 14 days at 25°C and no development 
proceeded to its completion at 33°C and 15°C. About 56.20-/ 
to 70.60/. of infective larvae, were recovered in the proboscis 
at the optimum temperature and rest of these remained held up 
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in the thoracic and abdominal region. In Culex triataenio-
rhynchus only first stage larvae were seen. 
Pistey (1958) studied the development of Dirofilaria 
tenuis in mosquito as well as the vertebrate host. He 
examined 16 species of mosquitoes for their ability to main-
tain the infectivity of the larval stages of this parasite. 
Development took place readily in the malpighian tubules of 
Aedes taeniorhynchus and Anopheles quadrimaculatus. In these 
mosquitoes the 1st moult occurred in 7 to 8 days and the 
Ilnd moult 9 to 10 days after the blood meal. Infective 
larvae were observed in the proboscis by 10 to 12 days. No 
development took place in Culex niqripalpis, Aedes aeqypti, 
A. atlanticus - tormenor, A. fulvus pallens, Wyeomyia 
vandzeei or _W. mitchelli. Wharton (1959) observed the larval 
development of Dirofilaria magnilarvatum and Wuchereria malayi 
in Mansonia longipalpis and Mansonia uniformis. Fewer mos-
quitoes became infected with D. magnilarvatum than W. malayi. 
The larvae of D. magnilarvatum developed in the malpighian 
tubules. In M. longipalpis 3rd stage larvae were observed 
10.5 days after the blood meal and most larvae had reached 
3rd stage after 12.5 days. In M. uniformis no 3rd stage 
larvae were found after 10.5 days, but 3rd stage larvae were 
found in one mosquito after 13.5 days. The larvae were 
960 - 1095 )i in length in M. longipalpis. The terminal caudal 
papilla was pointed and flanked on either side by a small 
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secondary pointed papilla, whereas in the larvae of Diro-
filaria immitis there is usually only one blunt papilla. 
Ono (1960) made a comparison of various larval stages of 
Setaria spp. in anopheline mosquitoes. He noticed morpholo-
gical differences between larvae of Setaria equina, Setaria 
diqitata and Wuchereria bancrofti. The nucleus in the tail 
of microfilaria of S. diqitata was wedge shaped while in 
S. equina it was round or oval. The second larval stage of 
S. equina and W. bancrofti lacked a slender part to the tail. 
In the third stage, S. equina had a hyaline ovoid process on 
the tip of its tail which was absent in S. diqitata. Rama-
chandran je_t _al,(1961) observed the early stages in the develop-
ment of Bruqia malayi in different species of mosquitoes. 
In Mansonia uniformis, an efficient vector, 9Q^ of the micro-
filariae reached the thorax 24 hours after the infected 
blood meal. In Liverpool laboratory strain of Aedes 
aeqypti , a moderately efficient vector, and in the Malayan 
strain of A. aeqypti. an inefficient vector, bOyC of the 
microfilariae were trapped in the blood clot in the mosquito's 
stomach. Nair _e^  _al.j( 1961) demonstrated the susceptibility 
of Aedes albopictus to Dirofilaria repens infection in cats. 
According to authors Aedes albopictus was a good vector of 
p. repens. Development to infective stage larvae took 10 to 
12 days at 72°F to 84°F and 85 to 9'by, relative humidity. 
Ramachandran _et _alv( 1961) studied the development of Bruqia 
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malayi in Aedes aeqypti. They found infective larvae in 30/. 
of a Liverpool laboratory strain of Aedes aeqypti. No develop-
ment was observed in a Malayan strain of same mosquito. 
Schacher (1962) made an observation on the morphology of 
the microfilaria of Bruqia pahanqi and of the larval stages 
in the mosquito. Developmental stages were obtained in a 
laboratory strain of Anopheles quadrimaculatus in USA and in 
the laboratory bred Armiqeres obturbans in Singapore. The 
first moult occurred between 4 to 5 days and the second at 
about 8 days. Nelson (1962) observed the development of 
Setaria labiato-papillosa using new techniques for infecting 
Aedes aeqypti with this nematode. Setaria labiato-papillosa 
aeveloped in the thoracic muscles of Aedes aeqypti, the 
infective stage (averaging 2065 li in length) being reached 
in 8 to 10 days at 75°F. Laurence (1962) demonstrated three 
types of infective filarial larvae by dissection of wild-
caught mosquitoes at Vellore, Madras. He found infective 
larvae of Wuchereria bancrofti and Setaria equina in Culex 
fatiqans and of Setaria cervi in Anopheles peditaeniatus. 
Price £t. _aj^ .(1963) studied the development of Dirofilaria 
uniformis in Anopheles quadrimaculatus. Microfilariae exshea-
thed soon after entering the gut of the mosquitoes. Some 
microfilariae penetrated the gut within 15 minutes and 
entered the fat body tissues and developed to the second 
stage. Third-stage larvae migrated through the host tissues 
9 
and haemocoel to all parts of the body, especially the head 
and labium. Tissue damage was seen in the mosquitoes. 
Orihel and Ash (1964) showed the development of Dirofi-
laria striata in the malpighian tubules of Anopheles 
quadrimaculatus. First and second moult occurred on the 7th 
and 11th or 12th days respectively. Infective larvae (950 
to 1140 |i in length) were found in the head on the 14th day. 
Mikhailyuk (1964) demonstrated the role of blood sucking 
diptera in the transmission of bovine onchocerciasis. He 
found the larvae of Onchocerca qutturosa in Simulium qaleratum. 
Development in this host lasted 11 days in July. 
Ewert (1965) observed the exsheathment of the micro-
filariae of Bruqia pahanqi in susceptible and refractory 
mosquitoes. In Anopheles quadrimaculatus, an efficient vector, 
almost all the microfilariae were free of their sheaths one 
hour after ingestion, but less than 3'/. had exsheathed one 
hour after ingestion by Culex quinquefasciatus, a mosquito 
with poor vector potential. In Aedes aeqypti and Aedes albo-
pictus the proportion of microfilariae which exsheathed 
(45 to 68><) was correlated with the proportions of microfilariae 
reaching the thorax, but not with their subsequent development 
to the infective stage. The author, further, studied the 
comparative migration of microfilariae and development of 
Bruqia pahanqi in 5 species of mosquitoes and demonstrated 
that in a species of mosquito consistent failure of 
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microfilariae to migrate to the thoracic muscles one hour 
or one day after being ingested indicates the inefficiency 
of the vector. A high rate of migration of microfilariae 
does not necessarily indicate a high degree of vector effi-
ciency since this is not always correlated with the successful 
development of the microfilariae later. The mosquitoes 
studied were: Anopheles quadrimaculatus (2 laboratory strains), 
Aedes sollicitans (Wild), Aedes aeqypti (2 strains), Aedes 
albopictus and Culex quinquefasciatus (2 strains), 
Hibler (1966) made an observation on development of 
Stephanofilaria stilesi in the hornfly, Haematobia irritans. 
Filarioid larvae found in 455 of 3707 female flies and 6 of 
2234 male flies, collected from cattle with stephanofilariasis. 
These larvae were morphologically identical to the immature 
forms of S. s^ tilesi recovered from the lesions. When labora-
tory-reared hornflies were allowed to feed on lesions of 
naturally infected cattle, 13 of 183 females and 1 of 201 
males became infected with larvae morphologically identical 
to those found in naturally infected flies. Orihel and 
Pacheco (1966) studied the development of Brugia malayi in 
mosquito hosts. Development of microfilaria malayi took 
place in Aedes aeqypti but not in Anopheles quadrimaculatus. 
At 26 C and 60 to 80>< relative humidity microfilariae 
developed to the 3rd stage in 10 days. Platonov (1966) 
studied the life cycle of Setaria equina, a parasite of 
horses. He examined 385 mosquitoes attacking horses on a 
•4 A 
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farm with common Setaria equina infection and found no 
microfilariae in all five species of Aedes present. Experi-
mental infection, using a donor horse with large number of 
larvae in blood, was successful in Anopheles communis and 
Anopheles maculatus but not in Anopheles cinereus, Anopheles 
excrusians and Aedes spp. Bemrick and Sandholm (1966) demons-
trated Aedes vexans and other potential mosquito vectors of 
Dirofilaria immitis in Minnesota. Trapping of mosquitoes in 
Minnesota, USA, was carried out during two summers to deter-
mine which local species might be involved. Results indicated 
that Aedes vexans was a potential vector. Complete larval 
development was possible in Anopheles walkeri but it occurred 
in relatively small numbers in the area. Laurence (1966) 
observed that only 40 to bO-/. of the microfilariae of 
Onchocerca volvulus left the stomach within 60 minutes of 
feeding, while 2b'/. were trapped in the stomach after 24 hours. 
The first microfilaria appeared in the thorax after 20 minutes 
and there was a steady movement from the abdomen into the 
thorax from 30 minutes to 6 hours after feeding. Malviya 
(1966) studied the life history of Artionema labiato-papillosa 
in laboratory bred Culex spp. Infective larvae were recovered 
from 5 out of 277 mosquitoes fed on infected buffaloes. 
Dissanaike and Niles (1967) described infective larvae 
of Cardiofilaria nilesi and Pelecitus spp, from Mansonia 
crassipes of Ceylon. The larvae of Cardiofilaria nilesi had 
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three protuberances at the ca .dal extremity and measures 
1.2 to 2.0 mm while larvae of Pelecitus wegpe shorter (1.1 to 
1.18 mm) than those of C. nilesi and tail had two tiny 
protuberances. Larval Artionema wei^ found in Anopheles 
peditaeniatus, Anopheles niqerrimus and Armiqeres subalbatus. 
Larval Dirofilaria repens were found in Aedes aegypti and 
Mansonia annulifera. Larval Bruqia ceylonensis were found 
i" Mansonia uniformis. Laurence and Pester (1967) demonstrat-
ed adaptation of Brugia patei to a new mosquito host, Aedes 
toqoi. Originally the infection rate in Aedes toqoi was 
43.6/.. The infection rate of the first generation trans-
mitted to cats through the intermediary of Aedes toqoi was 
59.2/.. Subsequent passaging through A. toqoi raised the 
infection rate to 79.1/, 86,7/ and finally to 89.8/, Juminer 
et al. (1968) observed complete development of the larval 
stages of Wuchereria bancrofti in Dakar strain of Culex 
pipiens fatiqans by feeding on an infected local inhabitant. 
Infective larvae were found in the mouthparts after 21 days. 
Gooneratne (1969) allowed mosquitoes Aedes aegypti, Aedes 
togoi, Culex fatiqans and Anopheles qambiae to feed on 
chickens infected with Cardiofilaria nilesi for the develop-
ment of microfilaria. Only A, toqoi supported development 
and 8.2/ of these fed contained one infective larva (rarely 
two) per mosquito. Orihel (1969) studied the development 
of microfilaria of Dirofilaria cerynodes in Aedes aegypti. 
Microfilariae developed to 3rd stage in the fat body of 
mosquitoes in 14 days at 28 C temperature and 60 to 70;^  
relative humidity. The first moult took place on the 9th 
day and the second approximately on 14th day. 
Weiner and Bradley (1970) described the ability of some 
mosquitoes to transmit Dirofilaria immitis in Florida. 
Aedes taeniorhynchus, Aedes aeqypti (3 strains). Anopheles 
quadrimaculatus and Culex quinquefasciatus fed on infected 
dogs showed 95 to 97v< mortality, mostly within the first 
three days after feeding. Results from all species of 
mosquitoes used, were similar except for Anopheles quadri-
maculatus , of which a few females survived long enough 
(10 to 17 days) to allow development of infective larvae. 
Ho and Kan (1971) gave evidence of intracelluler development 
°f Breinlia serqenti in the fat cells of mosquito, Aedes togoL 
Mosquitoes were fed on naturally infected Nycticebus concanq 
and kept at 27 to 30°C temperature and 70 to 80/. relative 
humidity. Early first stage larvae were seen in the fat body 
cell after 24 hours. The first moult occurred between the 
4th and 5th day and the second moult between 9th and 10th 
day after infection. Shol'and Drobishchenko (1971) confirmed 
experimentally that Haematobia stimulans is the intermediate 
host of Setaria cervi of moral deer and studied the larval 
development in this fly. The larvae underwent the first 
moult in the gastro-intestinal tract of the fly within sixty 
! .1 
to ninety n.inutes after the infection and the second moult 
in the fat body on 11th day. The larvae later migrated to 
the head where they became infective between 17th and 23rd 
day, remaining over there upto 35th day. Varma _et _al. (1971) 
implanted Setaria digitata in rabbits for feeding the vectors. 
Laboratory reared Culex fatigans. Aedes yittatus, Armigeres 
obturbans and Stomoxys calcitrans were allowed to feed on 
infected rabbits. Aedes vittatus and Armigeres obturbans were 
demonstrated as new vectors for this parasite. Infective 
stage larvae developed in 11 to 13 days. Supryaga _e_t al. 
(1971) observed the larval development of Wuchereria bancrofti 
in Culex pipiens molestus. The larva attained the infective 
stage in 17 days at 2.3 to 25°C temperature and 60 to lb-/. 
relative huniidity. Zielke (1972) described the development 
°f Dirofilaria immitis in Anopheles atroparous. Many mos-
quitoes died at the time of penetration of raalpighian tubules 
by the microfilariae and also at the time when the pre-
infective larvae were leaving these organs. In refractory 
mosquitoes, Anopheles albimanus and Anopheles gambiae the 
microfilariae died in the intestine. Lahiri ejt aj.. (1972) 
studied the development of Brugia ceylonensis in Anopheles 
stephensi. Mosquitoes were fed on infected dogs and the 
infective stage was reached in 7 days. 
Ho e_t _aj-. (1973) observed the development of Breinlia 
booliati of rat in the mosquito, Aedes togoi. Complete larval 
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development to the infective stage took place in the fat 
body of the head, thorax and especially the abdomen. The 
first moult occurred on 7th day and the second on 11th day. 
Infective stage larvae were seen in the proboscis on the 
12th day after infective blood meal. Intermill (1973) 
demonstrated the development of Dirofilaria immitis in mos-
quito, Aedes triseriatus. Infective larvae were found in 
tubules 11 days after ingestion of microfilariae. Average 
length of infective larvae ranged from 776 to 865 ji. 
Lavoipierre and Ho (1973) studied the escape of infective 
larvae of Bruqia^ pahanqi from the mosquito, Aedes toqoi. The 
experiments suggested that increased haemocoelic pressure as 
a result of the insect's gut filling with blood does not 
trigger the escape of nematodes from the mouthparts. Factors 
such as moisture, warmth and chemical stimuli in the blood 
did not appear to be of any real significance. The bending 
back of the labium, as the fascicle is driven into the skin, 
seemed to be highly important. Drobishchenko and Shol'(1973) 
reported that Setaria cervi from deer infected both sexes of 
Haematobia stimulans equally in the laboratory. The larvae 
developed only in the abdomen of fly where they remained for 
16 to 24 days. Thorax was used strictly as a migratory path 
to the heao, where they remained until entering the defini-
tive host. 
Oothuman e_t aj.. (1974) studied abnormal development of 
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Bruqia patei in Anopheles labranchiae atroparus, Development 
was very variable, little growth occurring in some mosquitoes 
and complete development to the infective stage in only one. 
V.ost larvae developed beyond the microfilaria! stage but there 
was little further differentiation. Melanization was seen 48 
to 78 hours after infection, localised specifically over the 
excretory and anal vesicles, Mellor (1975) studied the 
development of Onchocerca cervicalis larvae in Culicoides 
nubeculosus and Culicoides variipennis. Flies became infect-
ed either by engorging through chick skin membrane on a 
suspension of microfilariae in blood, or by feeding upon a 
naturally infected horse. The larvae migrated first to 
thoracic muscles and then to the head. Infective larvae 
developed in 14 to 15 days at 23°C. Christensen (1977) 
studied the development and transmission of Dirofilaria 
immitis by Aedes trivittatus. Juvenile D, immitis moulted 
from first to second stage and second to third stage at 7 to 
8 and 10 to 11 days after infection respectively, at 26.5°C 
temperature and 80;^  relative humidity. Owen (1978) described 
that migration of Bruqia pahanqi microfilariae ceased in 
refractory species of Aedes scutellaris 1.5 hours after feed-
ing, only ^0'/. of the ingested microfilariae reached the 
thorax. In susceptible species over 95/. of the ingested 
microfilariae reached the thorax and migration lasted for 
3 hours after blood meal. In Aedes tabu, susceptible species, 
1 7 
on dissection 3 hours after feeding, 2.9/. of the microfila-
riae which remained in the blood meal were still sheathed. 
In refractory Aedes malayensis, 17.13/. microfilariae were 
still sheathed 3 hours after feeding. Petit (1978) studied 
the development of larvae of Dipetalonema dessetae in Aedes 
aeqypti quantitatively. The number of developing larvae 
was limited to the number which succeeded in passing through 
the wall of the stomach. Later the larvae migrated towards 
the head. Development was also greatly influenced by the 
nutrition of the mosquito both as pre-imago and as adult. 
Collins (1979) observed the development of Onchocerca 
volvulus in Simulium ochraceum and Simulium metallicum. 
Development was compared in both species of Simulium under 
uniform conditions. In Simulium ochraceum larval development 
was synchronous and orderly so that nearly all larvae reach-
ing the thoracic muscles from a single blood meal matured to 
3rd stage infective larvae within 192 hours. In contrast, 
development in S. metallicum was asynchronous, slower and 
retarded. In this species many first stage larvae were mal-
formed and stunted after the 5th day of development and 
microfilariae, first and second stage larvae were still 
present 8 to 10 days after a single infective blood meal when 
3ra stage larvae had developed. Owen (1979) observed non-
development of Bruqia pahanqi in a refractory mosquito, Aedes 
malayensis. Examination of the thorax of the mosquitoes after 
10 days revealed only degenerating microfilariae. 
Aadison (1980) studied the transmission of Dirofilaria 
ursi of black beers by black flies, Simulium. Various blood 
sucking insects were collected after being allowed to engorge 
on a beer with _D. ursi microfilariae in its blood and were 
held at 18, 23 or 27^C. Among the black flies (8 species) 
Simulium venustum were subsequently found to harbor 3rd stage 
larvae. Ceratopogonoids (Culicoides spp,)» tabanids (14 
species) and culicids (11 species) did not support the 
development. In black flies development occurred in malpighian 
tubules. The infective stage was reached after 5 days at 
27°C or 9 days at 23°C temperature. At 18°C larvae did not 
reach the 3rd stage in black flies held for 16 days. Bianco 
and El Sinnary (1980) observed that 3rd stage larvae of 
Onchocerca gutturosa developed in Aedes aeqypti infected with 
microfilariae using a membrane feeding technique or by 
intrathoracic injections, 3rd stage larvae were recovered 
both from head (51/.) and thorax (46/). Duhrkope and Trpis 
(1980) studied the degree of susceptibility and levels of 
infection in 10 different strains of Aedes polynesiensis 
Marks, v;ith subperiodic Brugia malayi and Bruqia pahangi. 
Prom 92.1 to 100/ of the mosquitoes became infected with B. 
n-alayi and 97.5 to lOCi/ with B. pahangi. The mean numbers of 
recovered infective larvae were 5.64 to 19.89 and 9.48 to 
26.79 respectively. Aedes polynesiensis was proved to be a 
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better laboratory model for studies on these filarial worms 
than the strains of Aedes aeqypti, because of its high sus-
ceptibility to Bruqia spp. and its availability and ease of 
rearing. Lim ejt ^ . (1980) compared the susceptibility of 
two strains, Malaysian and Liverpool, of Aedes toqoi to 
Bruqia malayi and Bruqia pahangi* Malaysian strain of Aedes 
toqoi, when fed on cats having microfilariae of B. malayi 
and B. pahanqi, took up some what less larvae than Liverpool 
strain but nevertheless the Malaysian strain proved to be 
reasonably good vector for these two filarial infections. 
(Vajihullah and Ansari (1981) studied the larval develop-
ment of Setaria cervi in mosquitoes, Culex spp., Aedes 
scatophaqoides and Aedes aeqypti. White rats were used as 
alternate host. Development occurred only in Aedes aeqypti. 
Microfilariae exsheathed in the gut 6 to 8 hours after infec-
tion and then migrated to the thoracic muscles. By the 3rd 
day the larvae attained the sausage shape and first moult 
occurred on 6th day at 28 + 2°C temperature. Second moult 
occurred on 9th day and by 11th day, most of the infective 
larvae had accumulated in the head and probascis. 
Christensen (1981) made observations on the immune response 
of Aedes trivittatus against Dirofilaria immitis. In 41 
(15.3/.) of 268 Aedes trivittatus fed on a dog infected with 
D. immitis, there was an immune response (melanization) to 
the developing larvae. Microfilariae were melanized more 
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tnan later stages. Melanized microfilariae were discharged 
from the maipighian tubules and voided through the anus. 
Melanization began at the excretory pore of the larvae. 
Microfilariae, which reached the haemocoel either by migra-
tion or by experimental inoculation, were completely encap-
sulated and melanized in 4 days. Ho et al^. (1982) studied 
encapsulation and melanization of Breinlia booliati in mos-
quitoes, Aedes aeqypti and Aedes toqoi. In Aedes aeqypti 
various stages of filarial larvae were frequently affected 
by the defence mechanisms of the host, and a relatively large 
number of melanized larvae were recovered during dissection 
of mosquitoes throughout the incubation period. Aedes toqoi 
occasionally mounted a defence reaction to the infection. 
Nayar _e_t al. (1984) demonstrated the susceptibility of 
Anopheles quadrimaculatus and other mosquitoes to Bruqia patei. 
The females of seven species of mosquitoes were tested in the 
laboratory as potential vectors of B. patei. Development of 
ingested microfilariae took place in Anopheles quadrimacula-
tus and two strains of Aedes aeqypti. Wang jet al. (1984) 
made comparative observations on the morphology of different 
larval stages of Setaria _diqitata and Bruqia malayi developing 
in Anopheles sinensis. Laurence (1985) showed the development 
of a filarial larva in the head of a mosquito. A section 
tnrough the head of a female Aedes togoi killed and fixed 6 
days after taking up the microfilariae of Bruqia patei from 
i. 
an infected cat revealed the presence of a second stage 
larva developing in the pharyngeal muscle in the head of 
niosquito. Kobayashi e_t _aJL. (1986) made histological observa-
tion on the abortive development of Bruqia malayi larvae in 
the thoracic muscles of the mosquitoes, Armiqeres subalbatus. 
They observed cuticular abnormalities in most of the larvae 
24 hours post infection and after 48 hours of the development 
almost all larvae showed unusual cuticular features. Pigmen-
tation which was responsible for degeneration of larvae, was 
seen 3 to 10 days after infection. Kasai and Williams (1986) 
experimentally infected Aedes fluviatilis with Dirofilaria 
immitis. Mortality was higher among infected mosquitoes than 
among tnose that were not infected. The development of the 
larvae of D. immitis was asynchronous, and in many cases, the 
filariae did not develop beyond the first stage. Third-stage 
larvae were found in a small number of mosquitoes 14 to 22 
days after infection. There were generally 1 to 2 (maximum 6) 
third-stage larvae per mosquito. 
MATERIALS AND METHODS 
Peritoneal transplant of the worm into alternate hosts; 
Adult Setaria cervi worms were collected in physiological 
saline from the freshly slaughtered buffaloes at the local 
abattoir. These were thoroughly washed so as to remove ex-
traneous matter. Laboratory-bred white rats and rabbits were 
used in experiments as alternate hosts. 
Wornis were transplanted via laparotomy. The procedure 
adopted was as follows: A fine cut was made in the abdomen of 
the anaesthetized animals and worms (3 females and 2 males in 
white rats and 9 females and 3 males in rabbits) were slipped 
into the peritoneal cavity. Later the opening was sutured 
and merchurochrome was applied as disinfectant. 
Rats and rabbits were also given infection by intracar-
dial/intraperitoneal injections of uterine microfilariae. 
Uterine microfilariae were isolated by tearing the worms with 
the help of needles from the lateral sides and uteri were 
taken out by cutting from the place below the bifurcation 
point. The uteri full of microfilariae were collected in 
physiological saline, chopped up with the help of needles 
and tissues of uteri were removed. Microfilariae thus isolated 
were injected intracardially/intraperitoneally. To check the 
n.icrofilarial concentration in the peripheral blood, drop 
of blood from tail of rats and from the marginal ear vein of 
rabbits, was obtained, dehaemoglobinized and checked for 
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microfilariae. 
Collection of vectors; 
Vectors examined in experiments for development of 
microfilaria of Setaria cervi were wild-caught locally {as 
adults, pupae and larvae) or obtained from a laboratory 
colony. 
Fully engorged mosquitoes Anopheles subpictus, Culex 
fatiqans and Aedes scatophaqoides were collected, while 
feeding, from the body of buffaloes in different localities. 
Flies (both engorged with blood and unfed) Stomoxys calci-
trans, Hippobosca maculata and Tabanus brunnipennis were 
caught from buffaloes while grazing. Lice Haematopinus 
tuberculatum and ticks Haemaphysalis bispinosa, Boophilus 
microplus were obtained from the body of buffaloes of 
different localities. These vectors were kept in cages and 
brought to the laboratory where these were maintained on 
glucose pads in the incubator. All the vectors were identi-
fied upto the species level later. Mosquitoes Aedes aeqypti 
(NICD strain) and Anopheles stephensi^ were colonized from 
eggs obtained from National Institute of Communicable 
Diseases, New Delhi. Mosquitoes Culex fatiqans, Culex 
vishnui, Culex (Lutzia) fuscanus, Aedes scatophaqoides, Aedes 
aeqypti (local strain), Anopheles subpictus and Armiqeres 
obturbans were colonized from larvae and pupae recovered from 
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waterbodies in different localities. Adult female mosquitoes, 
Aedes albopictus were caught at the evening time and were 
given blood meal for egg laying. Eggs, laid by them were 
collected. 
Breeding of vectors; 
Eggs of mosquitoes Aedes aeqypti, Aedes albopictus and 
Anopheles stephensi were kept for hatching in enamel basins 
with tap water and were placed inside the incubator. Larvae 
and pupae of mosquitoes, collected from different places, 
were also incubated in the same way. Larvae of all the 
mosquitoes except Culex (Lutzia) fuscanus and Armiqeres 
obturbans were provided with yeast tablets for feeding from 
time to time to induce vigorous growth, whereas larvae of 
the latter two, being predatory in nature, were given larvae 
of other mosquitoes to feed. Pupae were separated out in 
beakers and kept inside the mosquito cages. After emergence 
from pupae, adults were maintained on glucose soaked cotton 
pads with temperature 28 + 2°C and 60 to 70^ relative humi-
dity. Colony of Stomoxys calcitrans was also maintained in 
the laboratory. Wild caught flies engorged with blood meal 
were kept in cages. Straw with horse dung was used as 
medium for egg laying. After emergence adult flies were 
transferred in another cage and were maintained on glucose 
pads. Colonies of Hippobosca maculata and Tabanus brunni-
Pennj-s could not be developed in the laboratory, so wild 
"n 
caught flies were used in the experiments. Ticks, used in 
the study were also wild caught. 
Infection of vectors; 
In order to eliminate variables as much as possible, 
attempts were made to feed all the vectors at the same time 
of day i.e. between 6 to 8 P.M. Age of vectors, colonized 
in the laboratory, at the time of infection ranged from 4 to 
12 days and none had blood meal earlier. Batches of mos-
quitoes, flies and ticks were starved for 24 to 48 hours 
except Aedes albopictus and Culex fatiqans, which were starved 
only for 18 to 24 hours as these started dying beyond this 
period. Wosquitoes of genera Culex, Anopheles; flies and 
ticks had not accepted the blood of white rats so these were 
given infection by allowing them to feed on infected rabbits. 
All other mosquitoes were given infection from infected rats. 
Rabbits and rats with patent microfilaraemia were placed on 
the top of cages containing vectors. Hair of skin under the 
abdomen of host was shaved to facilitate the feeding. Ticks 
were given infection as follows - starved ticks were placed 
on shaved area of skin of infected rabbit and were covered 
by plastic petridishes with pores. Petridishes were attached 
with the body of rabbit by cellotape. Engorged vectors were 
transferred to another cage. 
Dissection of vectors for screening; 
Dissection of vectors was carried out, immediately after 
the blood meal and the process continued from this initial 
phase with 8 hours interval for about 10 days, to trace the 
infective stage larvae. All dissections were made in physio-
logical saline and under the binocular. First, the legs and 
wings were removed and later head, thorax and abdomen were 
cut and kept separately on microslides immersed in physiologi-
cal saline. With the help of fine needles, each portion was 
teased apart to isolate larval stages from muscles. Larval 
stages were picked up and put on another clean slide. Later, 
these were heat immobilized to study under the microscope. 
Microphotographs of developing stages in different vectors 
were obtained. Caraera-lucida diagrams of developing larval 
stages in mosquito, Aedes albopictus, were prepared and 
measurementsw ; also taken with the help of ocular micrometer. 
Thorax of mosquitoes, Aedes scatophaqoides and Aedes 
aeqypti (local strain) were fixed in Bouin's solution starting 
after the infective blood meal upto the 7th day of the develop-
ment. Thin sections measuring 5 \im were cut from mosquito's 
thorax embedded in paraffin blocks and stained by the method 
of Gomori's trichrome (1950) to show the degenerating larval 
stages in the thoracic muscles. 
RESULTS AND DISCUSSION 
Maintenance of microfilaria! population in alternate host: 
Microfilariae were seen in the peripheral blood of rats 
after a latent period of 8 + 2 days and continued to persist 
for about 65 + b days. These were observed in varying con-
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centrations of 4 to 12 per mm of the blood. In rabbits, 
microfilariae appeared in the blood after a latent period 
of 6 + 1 days and remained over there for 4 0 + 5 days. 
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Maximum microfilarial density was 6 per mm of blood between 
3rd and 4th weeks and after that, it started declining and 
ultimately disappeared. When alternate hosts were given 
infection by injecting uterine microfilariae, the microfila-
rial density reached a very high level in the peripheral 
blood and on due scrutiny, it was found to be 15 to 25 per 
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mm . Such a microfilarial density in the blood was found to 
be suitable for infecting vectors and a concentration higher 
than that appeared to be fatal for the vectors. 
Vector screening; 
The assumption that once the microfilariae ingested by 
a vector have passed from the alimentary tract to the 
tissues, are deemed to reach to the infective stage is not 
very true. Therefore, in the present study care was taken 
to trace the development in every species of mosquitoes and 
other vectors. In making assessment on the percentage of 
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infection in different species of vectors, only those 
specimens in which filarial larvae were found to be soundly 
established and well on their way of reaching the infective 
stage, considered as showing infection. 
Mosquitoes Anopheles subpictus, Culex fatigans, Aedes 
scatophaqoides > flies Stomoxys calcitrans, Tabanus brunni-
pennis, Hippobosca maculata? ticks Haemaphysalis bispinosa, 
Boophilus microplus and lice Haematopinus tuberculatum caught 
from the body of buffaloes were dissected in the laboratory. 
Dissection of 200 Anopheles subpictus revealed in 10 mosqui-
toes, dead or dying microfilariae in the gut without exsheath-
ment. No microfilariae could be detected in the thorax. In 
Culex fatigans also, dead and sheathed microfilariae were 
seen in the gut of 2 mosquitoes out of 50 dissected and 
migration of microfilariae from gut to thorax was not observed. 
In Aedes scatophagoides, exsheathed microfilariae were observed 
in the thorax of 15 mosquitoes out of 20 dissected after 8 to 
10 hours of the blood meal. After 20 hours of the develop-
ment slight decrease in the size of microfilariae was evident 
and after 28 to 32 hours of the development microfilariae 
became meianized and dead. Dissection of 115 Stomoxys calci-
trans failed to reveal any developing stages either in the 
abdomen or thorax. Out of 175 Tabanus brunnipennis, only in 
10 specimens, sheathed and dead microfilariae were found in 
the abdomen. Dissection of 200 Haemaphysalis bispinosa and 
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225 Boophilus microplus failed to show any developing stages. 
300 lice, Haematopinus tuberculatum were dissected and 
neither microfilariae nor any developing stages could be 
detected. 
The above mentioned vectors were also given infection in 
the laboratory and were dissected to trace the development. 
In all cases, laboratory reared adults were used except 
Tabanus brunnipennis, Hippobosca maculata, Haemaphysalis 
bispinosa and Boophilus microplus, in which wild caught adults 
were used. In Anopheles subpictus, dissected after 7 to 8 
hours of infection, microfilariae neither exsheathed nor 
moved to the thorax and all ingested microfilariae appeared 
to be non-motile. Some degeneration of microfilariae was 
observed in the gut. Dissection of Culex fatigans showed that 
the microfilariae did not exsheath and move to the thorax 7 
to 8 hours after the infection, and later found dead and 
digested with blood meal. In Aedes scatophagoides exsheath-
ment and later migration of microfilariae from gut to thorax 
was observed, 7 to 8 hours after infection. After 24 hours 
of the development in the thorax, slight decrease in the 
length of microfilariae was evident. After a period of 28 
hours of blood meal microfilariae appeared to be melanized 
partially and 32 to 34 hours after infection almost all the 
n.icrofilariae were completely melanized (Fig. 1,2 ). Flies 
Stomoxys calcitrans, Tabanus brunnipennis and Hippobosca 
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Fig. 1. Melanized larva from the thorax of Aedes 
scatophagoides, 32 hours after infection 
CX 400). 
Fig. 2. Section of the thorax of mosquito, Aedes 
scatophagoides showing melanized larva, 
32 hours after infection (X 400). 
maculata also did not support the development of microfilaria, 
un dissection of these flies sheathed and inactive microfila-
riae were observed in the abdomen 7 to 8 hours after blood 
meal. Degeneration of microfilariae also started at this 
time. In ticks Haemaphysalis bispinosa and Boophilus micro-
plus also, the exsheathment of microfilariae had not occurred 
and these were unable to penetrate the thoracic muscles. The 
iiiicrofilariae were found dead one day afterthe infective 
blood meal. 
Besides, some other vectors like Aedes albopictus, Aedes 
aegypti (NICD strain), Aedes aeqypti (local strain), Culex 
(Lutzia) fuscanus, Culex vishnui. Anopheles stephensi and 
Armiqeres obturbans were also examined for the development of 
microfilaria. No development was observed in Culex (Lutzia) 
fuscanus and microfilariae were found feebily active in the 
gut without exsheathment even after 7 to 8 hours of the 
blood meal and were found degenerated on second day. In Culex 
vishnui also the microfilariae neither exsheathed nor migrated 
to the thorax. In Anopheles stephensi, microfilariae got 
exsheathed in gut but were unable to penetrate the thoracic 
muscles. Sheathless microfilariae were observed without any 
motility 7 to 8 hours after the infection and were completely 
degenerated after one day of infection. In Armiqeres 
obturbans also, microfilariae were observed to be sheathless 
and were unable to enter the thorax. Some microfilariae were 
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found to be alive in the gut even after 72 hours. 
Little information is available on the developmental 
cycle of bovine filarial worm and the meager data whatever 
available, that too is very controversial. The workers 
proposed their ideas based on experimental observations 
involving different species of this genus and different 
blood sucking arthropods, but most of the results have been 
criticized because their validity could not be proved with 
the same parasite and intermediate host later. There is 
clear evidence that the developmental stages of these worms 
are highly specific and any alteration in a definite 
physico-chemical nature may either lead towards the total 
failure of development or partial abnormal development of the 
microfilaria to the infective stage. In the present study all 
arthropod vectors including different mosquitoes, flies and 
ticks have shown lack of capability to successful development 
of microfilaria upto the infective stage except Aedes aeqypti 
and Aedes albopictus. Noe (1903) in Italy claimed to have 
observed the development of Setaria labiato-papillosa in 
Stomoxys. The belief that Setaria spp. are transmitted by 
Stomoxys is probably unture. Williams (1955) found no 
evidence of Stomoxys transmission in USA. Varma _e_t al. (1971) 
also discarded the idea of Stomoxys transmission in case of 
j^etaria digitata. But the strain variationsof blood sucking 
arthropod support the validity of observation made by Noe. 
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Similar factor of strain variation of vector may be a reason 
for the variable results of different authors from different 
regions. Thus the statement regarding the intermediate host 
for the parasite may not be taken as a universal rule. Any 
change in the specific experimental condition provided to 
the definitive and intermediate host may contribute to the 
unsuitability of the intermediate host for the development. 
Lack of suitable intermediate host in a geographical area may 
stress the parasite to adapt itself in a different inter-
mediate host for its development. 
Since exsheathment and later migration of microfilaria 
to thorax from midgut appears to be essential to larval 
development, extent of microfilarial exsheathment in a 
particular species of vector might serve as a rapid indica-
tor of vector potential. Since in the present study ex-
sheathment of microfilaria and further development to the 
infective stage did not occur in Stomoxys calcitrans, 
Tabanus brunnipennis, Hippobosca maculata, Culex fatigans, 
Culex vishnui, Culex (Lutzia) fuscanus, Anopheles subpictus, 
Haemaphysalis tuberculatum, and Boophllus microplus, these 
displayed no potential as vector of this parasite. In 
mosquitoes Anopheles Stephens! and Armigeres obturbans, 
microfilariae became sheathless but were unable to penetrate 
the thoracic muscles. This also reflects towards their 
inefficiency for transmission of this particular worm. 
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Failure of migration of microfilaria bancrofti was also 
observed in refractory rriosquito hosts by Newton _et aj..(1945). 
Observation of inefficiency of Armiqeres obturbans for 
transmission of this parasite does not correspond to the 
findings of Varma je_t _a_l. (1971), who have shown development 
of Setaria digitata in this mosquito. 
Observations on migration of microfilariae from gut to 
the thorax in various arthropod vectors, 7-8 hours after the 
infective blood meal, are summarized in table - 1. From 
the table, it is evident that migration of microfilaria from 
gut to thorax did not occur in all vectors screened for 
development except mosquitoes Aedes aegypti (NICD strain), 
Aedes aegypti (local strain), Aedes albopictus and Aedes 
scatophagoides. In these mosquitoes percent migration of 
microfilaria,as observed was 67, 40, 76 and 24 respectively. 
In mosquito, Aedes scatophagoides both exsheathment and 
nigration of microfilariae to thorax occurred but these did 
not develop to the infective stage, so this mosquito may 
also be considered as inappropriate vector for transmission 
of this worm. In this vector, which proved to be inefficient 
for transmission, 24;^  of total ingested microfilariae migrated 
to the thorax. Hence the extent of migration of microfilariae 
as an indicator of a favourable host-parasite relationship 
would have to be used with caution. As the microfilaria 
reached the thorax after exsheathment but still failed to 
aevelop in this host, so it is clear that lack of normal 
development is not due completely to failure of penetration 
of gut wall. The gut wall is apparently only one in a series 
of barriers that the microfilaria must successfully cross 
in order to develop completely in the vector. The present 
work demonstrates that some microfilariae remained alive in 
the miagut of Armiqeres obturbans for atleast 72 hours after 
the infective blood meal in contrast to their rapid destruc-
tion in other vectors examined. Rapid blood clot formation 
in the midgut impedes the migration of microfilariae in ail 
vectors except different species of Aedes, while in Aedes spp, 
the slow blood clot formation accompanied by a rapid dis-
appearance of microfilariae from the midgut. The simplest 
and most obvious explanation may be that migration of micro-
filariae occurs most efficiently in mosquitoes possessing 
salivary anticoagulants. But Nelson (1964) has demonstrated 
that Dirofilaria immitis can infect species of Anopheles 
since blood clots very slowly in their gut, while in species 
of Aedes clotting is so fast that it does not permit the 
parasite to migrate into the haemocoel. However, in the 
present study, it was observed that blood clots more rapidly 
in Anopheles spp. than in Aedes spp. and other mosquitoes. 
Complete development of microfilaria upto infective 
stage was observed in mosquitoes Aedes aeqypti (NICD strain), 
Aedes aeqypti (local strain) and Aedes albopictus. Percentage 
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of mosquitoes with 3rd stage larvae have been shown in 
table ~ 2. It varied in these three mosquitoes and was 32, 
14 and 37 respectively. Average intensity of infection and 
minimum and maximum number of infective stage larvae per 
mosquito also varied. In Aedes aegypti (NICD strain) average 
intensity of infection was 1.6 with minimum and maximum 
number of infective stage larvae per mosquito 1 and 7 respec-
tively, wnile in Aedes aegypti (local strain) average inten-
sity of infection was 1,2 with 1 minimum and 2 maximum number 
of infective stage larvae. In Aedes albopictus average 
intensity of infection was 1.8 and minimum and maximum number 
of infective stage larvae was 1 and 6 respectively. The 
percentage of mosquitoes having 3rd stage larvae may be 
correlated with the percent migration of microfilariae from 
gut to thorax. Percent migration of microfilariae, 7 to 8 
hours after infection, was highest in Aedes albopictus so the 
percentage of mosquito having infective stage larvae was 
also highest, table - 2. In Aedes aegypti (NICD strain) 
comparatively less percentage of microfilariae (67) was 
migrated to the thorax and so the percentage of mosquito 
Having 3rd stage larvae was also as low as 32. In the local 
strain of Aedes aegypti only 40/. of the total ingested micro-
filariae migrated to the thorax and that is why the percentage 
of mosquitoes having infective larvae was also quite low as 
14. In this mosquito developing larval stages after 
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n.icrofilarial stage, were found to be adversely affected by 
the host's reaction. Melanization and later on degeneration 
of developing larval stages after Microfilarial stage had 
taken place in majority of mosquitoes dissected (Fig. 3 - 7 ) . 
Those larval stages which escaped from having melanized ulti-
mately developed to the infective stage. No case was found 
wnich showed melanization and encapsulation of infective 
stage larva. It appears from this finding that these may be 
two distinct physiological types or strains of the species, 
Aeaes aeqypti. Probably this factor besides the low percent 
migration of microfilaria in this mosquito may also be res-
ponsible for fewer development of microfilaria upto the 
infective stage. Hamachandran _e_t aj^ . (1961) showed the 
erficiency of the two strains of Aedes aegypti for transmitt-
ing Bruqia malayi infection. According to them Liverpool 
laboratory strain of Aedes aeqypti was moderately efficient 
than Malayan strain, which was proved to be inefficient. 
Many workers have observed that the rate of development of 
fiiarioid larvae to the infective stage varies among species 
and strains of vectors. (Kartman, 1953a, 1953b; Webber and 
Hawking, 1955). The melanization of developing larval stages 
in mosquitoes, Aedes aegypti (local strain) and Aedes 
scatophagoides was either partial or complete. Partially 
melanized larvae were affected at various places on their 
bodies, but free portions of the worm showed movement. 
Fig. 3. Section of the thorax of mosquito, Aedes 
aeqypti showing melanized larva, 3rd day 
after infection (X 400). 
Fig. 4, Melanized larva from trie thorax of Aedes 
aeqypti (local strain), 4th day after 
infection (X 400). 
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Fig. 5. Section of the 
aeqypti (local 
larva, 5th day 
thorax of mosquito, Aedes 
strain) showing melanized 
after infection (X 400). 
Fig, 6. Melanized larva from the thorax of Aedes 
aeqypti (local strain), 5th day after 
infection (X 400). 
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Fig. 7. Melanized larva from the thorax of Aedes 
aeqypti (local strain), 6th day after 
infection (X 400). 
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Fig. 8. Sheathed microfilaria from the blood (X 400). 
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Completely melanized larvae were dead. 
Intermediate hosts respond specifically against develop-
ing stages of parasite. Virtually all animals react against 
invaders whe ther by encapsulation or melanization or by 
phagocytosis or by production of antibodies, ultimately the 
parasite must either avoid provoking this response or avoid 
its effect. In the present study a considerable number of 
larvae were found unable to complete their development in 
various species of vectors. The young larvae succumbed to 
the reaction of host either after arriving the gut or in 
some cases even after migrating into the thoracic muscles. 
Humoral and cellular reactions appear to be the two principal 
reactions made by mosquito hosts to filarial larvae. After 
successful entry into the haemocoel from the midgut of the 
adult mosquito, microfilariae are exposed to the internal 
environment of the haemocoel, which may not be suitable for 
further growth and development of the larvae. Humoral 
factors,apart from haemocytic cells, may be involved in the 
inhibition of larval development. Encapsulation and melani-
zation are cellular reactions that may occur in mosquitoes 
in response to invading filarial larvae. The former involves 
the accumulation of cells around the larvae resulting in 
the formation of a cellular capsule while the latter involves 
the deposition of melanin on the cuticle of parasite after 
exposure to the host's haemolymph or tissue._ The melanin 
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deposit develops initially around the anterior or posterior 
portions and occasionally in the middle of the body. The 
nielanized area increases and subsequently dark round patches 
are coated over the whole body of the larva. Probably mela-
nization is the means of defense against developing microfi-
lariae. Several authors have described melanization of 
microfilariae of different filarial worms in different inter-
mediate hosts. Yen (1938) observed the retardation of growth 
and melanization of developing larval stages of Dirofilaria 
immitis in mosquito, Aedes vexans. Esslinger (1962) des-
cribed melanization of Bruqia pahanqi microfilariae in 
Anopheles quadrimaculatus. Christensen (1981) noted the 
immune response (melanization) of Aedes trivittatus against 
developmental stages of Dirofilaria immitis. Ho et al.(1982) 
studied encapsulation and melanization of Breinlia booliati 
in mosquitoes, Aedes aegypti and Aedes toqoi. These observa-
tions are in agreement with the present finding. 
From these findings it appears that a number of factors 
may influence development of microfilaria within an inter-
mediate host. One of the most important is physiological 
set-up of the invertebrate host's gut at the time of arrival 
of microfilariae. Microfilariae may be digested with blood 
meal or unsuccessful in their attempts to penetrate the 
thoracic muscles. If the penetration is successful, even 
then the host may be unsuitable for growth and development to 
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the infective stage and larvae become melanized and finally 
degenerate in the thoracic muscles. 
Lata in table - 2 show that of the species of vectors, 
exan.ined in the present study, Aedes albopictus may be con-
sidered as efficient vector, Aedes aeqypti as moderate, while 
others quite inefficient. Ewert (1965) also demonstrated 
Anopheles quadrimaculatus as an efficient vector of Brugia 
pahanqi on the basis of percentage of mosquitoes with infec-
tive stage larvae, which was about 69. 
Many workers have successfully conducted the transmission 
of different animal filarial worms by mosquitoes. Setaria 
diqitata is known to be transmitted by mosquitoes Armiqeres 
obturbans and Aedes vittatus as demonstrated by Shoho and 
Nair (1960) and Varma ejt _al_^  (1971). Kadenatsii (1956) have 
shown the transmission of Setaria marshalli, a parasite of 
sheep by Culex fatiqans. Setaria equina has been shown to 
develop in Aedes paembaensis, Aedes aeqypti and Culex fati-
qans . In the present study Aedes albopictus was proved to be 
comparatively more successful intermediate host for Setaria 
cervi. 
Larval stages; 
Morphological details of the larval stages obtained 
during the course of development in the mosquito, Aedes 
albopic tus are as follows: 
/:0 
First stage larva: 
The larva recovered from thorax after 24 hours of 
development was found to be very active, almost similar to 
the exr.heathed microfilaria from the abdomen with the excep-
tion of noticeably shorter length. 
After 48 hours, there was further decrease in the body 
length and increase in the width of larva. Motility became 
sluggish, showing only twitching of both ends of the body 
and occasionally feeble flexing of the mid part. Larva 
measured 131.5 \x in length and 13.9 [i in width. Anal pore 
was situated 46.5 i-i from the posterior end. 
After 3rd day of development, body of the larva was re-
duced to its minimal length and became thicker to enter into 
the sausage stage (Fig.10,1^). Larva at this stage become 
inactive except for a slight and infrequent twitching of the 
anterior tip and tail. Head was bluntly rounded, bearing 
the caplike structure. Anal plug made its appearance and 
was 20.5 fi in size. Larva attained the sizes 167.6 \i and 
24.2 [i in length and width respectively. Anal pore was 
located 28.5 \x from the posterior end. 
After 5th day of the development the larva moved sluggi-
shly when removed from thoracic muscles. It attained a size 
of 282.9 [i X 39.2 \i (Fig. 12,Pl.l). Head was bluntly rounded. 
Nerve ring was situated 43.6 \x distant from the anterior end. 
Fig. 9. Exsheathed 
(X 400). 
microfilaria from the gut 
Fig. 10. Sausage-stage (X 400) . larva from the thorax 
Fig. 11. Sausage-stage larva from the thorax (X 1000) 
Fig. 12. Advanced first-stage larva (X 400) 
Plate - 1 
SETAhIA CERVI 
A - Microfilaria 
b - rtavanced first-stage larva 
C - Early second-stage larva 
D - Second-stage larva 
E - Late second-stage larva 
F - Infective-stage larva 
G - Anterior region of infective-stage larva 
H - uesophago-intestinal junction of infective-stage larva 
I - Posterior region of infective-stage larva 
Abbreviations used; 
St = Stoma, n.r. = Nerve ring, m.o. = Muscular oesophagus, 
:]. 0. = Glandular oesophagus, int. = Intestine, r. = Rectum, 
a.p. = Anal pore, a. pi. = Anal plug, sh = Sheath, 
e.p. = Excretory pore, G-, - G^ = Germ cells. 

/!.1 
Differentiation between the anterior oesophagus, posterior 
oesophagus and intestine was visible. Anterior oesophagus, 
posterior oesophagus and intestine measured 57.1, 72,8 and 
117.1 [1 respectively. Anal plug was well developed and 30 \i 
in size. Anal pore was placed 35.9 ji from the posterior 
extremity. 
Second stage larva; 
First cuticular ecdysis took place at the end of 6th day 
of infection. After this the larva was in early second stage 
(Mg. 13, PI. l). Stoma, which measured 17.2 i^, appeared at 
this stage. Larva measured 476.3 |j, in length and 33.7 ^ in 
width. Nerve ring was placed at 66.6 \i from the anterior 
end. Stoma was followed by oesophagus. Anterior oesophagus, 
posterior oesophagus and intestine measured 68.4, 100.7 and 
253.6 |a respectively. Anal pore was situated at a distance 
of 36.4 |i from the posterior end and surrounded by anal plug 
of 26.4 |j. 
After 7th day of the development digestive tract was 
well organized (Figs. 1 4 - 1 7 ). Junction between the 
oesophagus and intestine was quite distinct. This second 
stage larva had following dimensions: length 1147.3 p, width 
42.6 ja, anterior oesophagus 117.6 ^, posterior oesophagus 
307.2 ^ and intestine 662.9 \i. Nerve ring and anal pore 
located at the distance of 84.2 and 41.2 \i from the anterior 
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ana posterior end respectively. Stoma and anal plug measured 
18.3 and 27.8 respectively. 
After 8th day the larva became fairly enlarged and 
measured 1488.3 \i in length and 45.6 \i in width (Plate - 1 ). 
Nerve ring was 86.3 p. from the anterior end. Stoma remained 
unchange. Anterior muscular oesophagus, posterior glandular 
oesophagus and intestine measured 147 y., 442.5 \x and 833.5 ^i 
respectively. Anal pore had its position at a distance of 
47.0 \i frcm the caudal extremity. Anal plug was 28.2 jj. in 
size. Rectum appeared at this stage but was not very dis-
tinct from intestine. 
After 9th day of the development the larva was in the 
process of ecdysis and was known as late second stage larva 
(Fig. x8, Plate _ 1 )• It measured 1935.2 [i in length and 
45.6 p in width. Nerve ring was located at a distance of 
101 p from the anterior extremity. Stoma was unchanged. 
Anterior oesophagus, posterior oesophagus and intestine were 
195.7 [i, 664.4 ji and 970.2 [i in length respectively. Anal 
pore was situated at 46.8 \i from the caudal end and was 
surrounded by anal plug. Rectum became clear, more elongated 
and measured 39.7 \x in size. 
Third stage larva: 
Second moult occurred at the end of 9th day of the 
development and the larva reached to the infective stage 
Fig. 13. Early second-stage larva (X 400) 
Fig. 14. Second-stage larva (X 100). 
f 
Fig. 15. Anterior region of second-stage 
larva (X 400). 
Fig. 16. Oesophago-intestinal junction of 
second-stage larva (X 1000). 
Fig. 17. Posterior region of second-stage 
larva (X 400). 
Fig. 18. Late second-stage larva (X 100) 
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(Fiq. 19-21, PI. l)* This larva appeared to be more active 
than the earlier stages. It measured 2230.3 \i in length and 
38.2 ^ in width. Stoma was 18.3 and followed by anterior 
oesophagus (298.4 y.), posterior oesophagus (1353.9 ^ ) , intes-
tine (396.9 }i) and rectum (74.9 \i). Anal pore was at 87.8 ^i 
from the caudal end. 
Morphological details of microfilaria of Setaria cervi 
in mosquito Aedes albopictus Wc,^  more or less the same as the 
earlier findings of Wajihullah and Ansari (1981), Shoho and 
Nair (1960), Varma e_t .a_U (1971) except the measurements which 
somewhat varied and that too of not much significance. In 
the present study first moult occurred at the end of 6th day 
at 28 + 2°C. This observation coincides with those of 
vVajihullah and Ansari (1981) in mosquito, Aedes aeqypti • 
Christensen (1977) and Orihel (1969) recorded a more prolonged 
duration (i.e. 7 to 8 and 9 days) for Dirofilaria immitis 
and D. cerynodes respectively, while Shol and Drobishchenko 
(1971) reported first moult as early as 30 to 90 minutes in 
Haematobia stimulans. The duration generally varied in other 
filarial worms also. 9 to 13 days for Dirofilaria immitis, 
4 to b days for Brugia pahangi and 7 days for Breinlia booliati. 
Anal plug oeing a part of cuticle remained persisted even 
after the first cuticular ecdysis. Pistey (1958) also made 
similar observation in case of Dirofilaria tenuis. But 
according to Anderson (1962) the anal plug got shed during 
Fig. 19. Infective-stage larva (X 100). 
Fig. 20. Anterior region of infective-stage 
larva (X 400). 
Fig. 21, Posterior region of infective-stage 
larva (X 400). 
Fig. 22. Infective-stage larva extruding 
from proboscis (X 100). 
the first moult and reformed during the development to the 
second stage. 
The second moult occurred at the end of 9th day in the 
present study which is in accordance with the observation of 
vVajihullah and Ansari (1981). But it differed from earlier 
findings of Varma et al. (1971), Shol' and Drobishchenko (1971) 
and Urihel (1969) for Setaria diqitata, Setaria cervi and 
Dirofilaria cerynodes (i.e. 11, 11 and 14 days respectively). 
Location of genital-primordium below the oesophago-intestinal 
junction in 2nd stage larva on 7th day, as observed in pre-
sent case, was in agreement with Taylor (1960) and Wajihullah 
and Ansari (1981). After the completion of 2nd moult the 
larva reached infective stage. Most of the larvae accumulat-
ed mainly in head and proboscis by 11th day. This was in 
full agreement with findings of Nelson (1962) for Setaria 
labiato-papillosa, Varma _et al. (1971) for Setaria diqitata 
and Wajihullah and Ansari (1981) for Setaria cervi. 
On the grounds of earlier reports and the present study 
a conclusion could be drawn that only the mosquitoes may be 
the possible vector of this parasite. Aedes albopictus and 
Aedes aegypti have an inherent tendency of becoming a natural 
vector. Under these circumstances a control programme of 
these vectors must be taken up well in advance in order to 
erauicate Setaria cervi infection. 
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SUMMARY 
The present study relates to the vector screening of 
microfilaria of Setaria cervi. White rats and rabbits were 
used as the alternate host. Adult worms were transplanted 
in the rats and rabbits via laparotomy to establish a 
laboratory source of microfilariae. These were also infected 
by intracardial or intraperitoneal injections of uterine 
microfilariae. Vectors used in the study were either wild 
caught locally as adults, pupae and larvae or from a labora-
tory colony. Colonies of mosquitoes Anopheles subpictus, 
Anopheles stephensi, Culex fatiqans, Culex vishnui, Culex 
(Lutzia) fuscanus, Aedes scatophaqoides, Aedes aeqypti, Aedes 
albopictus, Armiqeres obturbans and fly Stomoxys calcitrans 
were maintained in the laboratory under control conditions. 
Colonies of flies Hippobosca maculata, Tabanus brunnipennis 
and ticks Haemaphysalis bispinosa, Boophilus microplus could 
not be maintained, so wild-caught adults were used for study. 
Batches of mosquitoes, flies and ticks were starved prior+c 
exposure to the alternate hosts with patent microfilaraemia, 
Fully engorged vectors were maintained at 28 + 2°C temperature 
and 60 to IQr/. relative humidity on glucose pads and were dis-
sected periodically to trace the development of microfilaria. 
Exsheathment and later migration of microfilaria from 
gut to the thorax did not occur in vectors Anopheles subpictus, 
-*. if 
Culex fatiqans, Culex vishnui, Culex (Lutzia) fuscanus, 
Stomoxys calcitrans, Hippobosca maculata, Tabanus brunni-
pennis, Haemaphysalis bispinosa and Boophilus microplus, 
although sheath of the microfilariae was found to be removed 
in Armiqeres obturbans and Anopheles stephensi but the larvae 
were unsuccessful to penetrate the thoracic muscles. In 
mosquito, Aedes scatophaqoides, microfilariae migrated to the 
thorax after being exsheathed but still failed to develop 
there. Complete development upto infective stage occurred in 
Aedes aegypti (NICD strain), Aedes aegypti (local strain) and 
Aedes albopictus. Percent migration of microfilaria from gut 
to the thorax after 7 to 8 hours of infection in these three 
iLOsquitoes was 67, 40 and 76 respectively. Percentage of 
mosquitoes having 3rd stage larvae also varied in above 
mentioned mosquitoes and was 32, 14 and 37 respectively. 
Average intensity of infection was 1.6, 1.2 and 1.8 respec-
tively in them. In mosquito, Aedes aegypti (local strain) 
melanization and later degeneration of developing stages 
after microfilaria! stage was observed in almost all mosqui-
toes dissected. Sections of the thorax of mosquitoes, Aedes 
scatophaqoides and Aedes aegypti (local strain) were also 
prepared through paraffin microtechnique and staining was done 
to show the degenerating larval stages in the thoracic muscle 
at different time intervals. 
4? 
Different blood sucking arthropods which have been 
screened for development of microfilaria cervi have been 
placed in three categories, according to the degree of sus-
ceptibility to infection with the parasite, are as follows: 
Category 1: 
Vectors, in which microfilariae do not develop at all, 
i.e., entirely unsuitable as intermediate host. 
Sub-category (i): 
Vectors, in which microfilariae are unable to penetrate 
thoracic muscles and become degenerated in the gut at 
different time intervals: 
Anopheles subcpjctus, Anopheles stephensi, 
Culex fatigans, Culex vishnui, Culex (Lutzia) 
fuscanus, Armigeres obturbans, Stomoxys calci-
trans, Hippobosca maculata, Tabanus brunni-
pennis, Haemaphysalis bispinosa and Boophilus 
microplus. 
Sub-category (ii); 
Vectors, in which larvae are able to penetrate the 
thoracic muscles but become degenerated later on: 
Aedes scatophagoides 
Category 2; 
Vectors, in which some larvae complete their develop-
ment and some die as a result of melanization: 
Aedes aeqypti (local strain) 
Category 3; 
Vectors, in which no melanization is noted but filarial 
larvae complete their development normally: 
Aedes aeqypti (NICD strain) 
Aedes albopictus . 
Morphology of the developing larval stages was also 
studied in mosquito, Aedes albopictus . Larva recovered from 
the tnorax 24 hours after infection showed slight decrease 
in size. The length gradually started decreasing and slight 
increase in the width was seen. 3rd day after infection it 
attained typical sausage stage measuring 167.6 \i X 24.2 p.. 
Anal plug appeared at this stage. By the 5th day anterior 
oesophagus, posterior oesophagus and intestine with measure-
ments 57.1 |i, 72.8 [1 and 117.1 i^ respectively were recogniza-
ble. After 6th day first cuticular ecdysis occurred and 
larva entered into the 2nd stage with measurement 476.3 i^ X 
33.7 fa. Stoma, which measured 17.2 ^ appeared at this stage. 
Anterior oesophagus, posterior oesophagus and intestine 
measured 68.4, 100.7 and 253.6 \i respectively. By 7th day 
43 
of the development digestive tract was well organized and 
junction between the oesophagus and intestine was quite 
distinct. This second stage larva had the following dimen-
sions: length 1147.3 |i, width 42.6 ^, anterior oesophagus 
117.6 i^, posterior oesophagus 307.2 i^ and intestine 662.9 ji, 
nerve ring and anal pore lied at the distance of 84.2 |i and 
41.2 )i from the anterior and posterior end respectively. By 
the 8th/9th day larva became fairly enlarged and measured 
1935.2 X 45.6 \x, nerve ring being placed at 101 \x from 
anterior end with respective length of muscular oesophagus 
195.7 \i, glandular oesophagus 664,4 ^ and intestine 970.2 [i, 
and anal pore about 46.8 \i from the caudal end. Rectum became 
clear, more elongated and measured 39.7 i^ in size. 
Second moult occurred at the end of 9th day and now 
the larva was in infective stage. It measured 2230,3 [i X 
38.2 1^. Nerve ring 1-; at a distance of 103 \i from anterior 
end. Substantial increase in length of muscular oesophagus 
298.4 \i, glandular oesophagus with 1353.9 ^ and much reduced 
intestine with 396,9 \x was observed. Rectum was 74.9 \i in 
length. Majority of the infective stage larvae accumulated 
in the thorax and proboscis after 11th day of infection. 
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